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ABSTRACT

An experiment was conducted to estimate the lethal dose of the physical mutagen gamma ray in rice cultivar ADT (R) 47.
Genetically pure seeds were treated with different doses of gamma rays viz., 150Gy, 200Gy, 250Gy, 300Gy and 350Gy.
Untreated seeds soaked in distilled water were used as check for comparison. The LD50 values were observed based on
growth reduction of seedlings after gamma ray treatment. The LD50 dose for gamma ray under in vitro and in vivo
condition was fixed at 229Gy and 235Gy based on probit analysis. As the doses of applied gamma ray increased, there was
a decrease in germination, survival rate of seedlings, root length, shoot length, seedling height, vigour index under in vitro
conditions and emergence and survival under field (in vivo) conditions in M1 generation as compared to the control. The
surviva % of seedlings was higher at higher doses of gamma ray under in vivo conditions compared to in vitro conditions.
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INTRODUCTION

Induced mutation by use of either physical or chemical
mutagen is one way of creating variation in crop plants.
The physical mutagens comprise of ionising radiation viz,
particulate (alpha rays, beta rays, fast neutrons and thermal
neutrons) and non-particulate also called as electromagnetic
radiation (X rays and gamma rays). The mutagenic action of
X-ray was discovered by Muller (1927) in Drosophila and of
gamma rays and X-rays in 1928 by Stadler in barley and
maize, Datura stramonium (Gager and Blakeslee, 1927)
and Nicotiana (Goodspeed, 1929), which opened up a new
field of science in genetics. For inducing mutation various
radiations can be used. According to Kovacs and
Keresztesa (2002) gamma rays are considered as the most
penetrating in comparison to other radiation such as alpha
and beta rays. Many physical mutagens have been used for
obtaining superior mutants in rice for different traits
(Singh et al., 1998). Genetic variability induced in rice
through gamma rays for selecting new genotypes with
improved rice quality and high yield potentials have been
documented (Rutger, 1983). The identification of most
effective mutagenic treatment and efficient mutagens is
very essential to recover a high frequency and spectrum of
useful mutations (Smith, 1972; Solanki et al., 1994;
Kumar, 1998).

MATERIALS& METHODS

In mutation breeding, to avoid excessive loss of actual
experimental materials, radio-sensitivity tests must be
conducted to determine LDso which is the safe dose at
which half of the planting materials survive. The
sensitivity of mutagens which enables the breeders to
improve the genotype can also be judged with the help of
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LDso (Cheema and Atta, 2003; Mensah et al., 2005) and
pollen fertility (Jayabalan and Rao, 1987). The present
investigation aims at fixation of LDspdose for gamma rays
in rice cultivar ADT (R) 47. The seeds of rice variety
namely ADT (R) 47 for the induction of mutation
treatment was obtained from Tamil Nadu Rice Research
Institute, Aduthurai, Tamil Nadu Agricultural University
(TNAU), Coimbatore. Well filled, heathy and uniform
sized seeds handpicked from the seed lot and equilibrated
to the moisture content of 12 per cent were packed in
butter paper covers (200 seeds per treatment). The gamma
chamber (GC 1200) ingtalled by Board of Radiation and
Isotope Technology (BRIT), Gowt. of India, Mumba at
Centre for Plant Breeding and Genetics, TNAU,
Coimbatore where, $°Cobalt serves as source of gamma rays
was used for treatment. Seeds were placed in the Gamma
chamber and exposed to gamma irradiation of eight doses
viz, 150Gy, 200Gy, 250Gy, 300Gy and 350Gy for
appropriate time for each dose based on the half life of the
source. Non-irradiated dry seeds were taken as control.
The irradiated seeds were sown the next day. The treated
seeds were placed in roll paper towels for germination test
under in vitro condition with two replications. Another set
of treatment was carried out and the seeds were sown in
raised beds in the field (in vivo) immediately after the
treatment along with the control seeds. Under in vitro
condition, germination %, survival % (14 DAT), shoot
length, root length and vigour index were observed.
Germination % and survival % were observed three days
and 14 days after treatment (DAT) for both in vitro and in
vivo conditions. Shoot length and root length of the
seedling of different treatments were also measured on 14
DAT. Vigour index was caculated by multiplying
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germination % and total seedling length (cm). Lethal Dose
experiment was organized based on a completely
randomized block design with two replications and the
random block included six levels of gamma ray treatment
(including control). Least significant difference (LSD) test
at P-values less than 0.01 was used to investigate the
differences in observed averages of al tested parameters
between treated and non-treated plants. Probit analysis
(Finney 1971, 1978) was carried out to determine the
lethal dose (LDso) of gamma ray under in vitro and in vivo
conditions.

RESULTS & DISCUSSION

Lethal dose, the percentage of test material that are killed
by a specific dosage of chemicals or radiation in which
half will die, is the optimum dose that causes high
frequency of favourable mutations with minimum damage
to the plant. Doses lower than LDso favour plant’s
recovery after treatment, while the use of higher doses
increases the probability to induce mutations either in
positive or in negative direction. Before the start of an
experiment in induced mutations, fixation of LDsy is

important. Moreover, this value varies with biological
materials, nature of treatment and subsequent
environmental conditions (Singh, 1994; Babael et al.,
2010). In the present investigation, the seeds of ADT (R) 47
were treated with gammarays (150Gy to 500Gy with 50Gy
interval). For a sample size of 200 seeds per dose in
mutagen, probit analysis was done using seed germination
values to determine the Letha Dose (LDsg).The LDso
value for gamma irradiation under in vitro and in vivo
condition was arrived as 229 Gy and 235 Gy respectively
for the variety ADT (R) 47 (Fig.1a and 1b). In rice, to
allow 60% survival of seedlings the effective dosage of
ganmma rays generally ranged from 150 to 300Gy
(Rutger,1992). Cheema and Atta (2003) used three
Basmati rice varieties to examine varietal differences in
radio-sensitivity to gamma irradiation. They found that
L Dsp values for seed fertility were 238, 232 and 223Gy for
Basmati 37, Basmati Pak and Super Basmati, respectively.
Optimum dose and LDsy for survival of seedlings in
landrace “Tarom mahalli” was determined to be 230 Gy
(Hallajian et al., 2014).
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FIGURE 1a: Caculation of LD50 of gammairradiation in ADT (R) 47 rice under in vitro condition
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FIGURE 1b. Calculation of LD50 of gammairradiationin ADT (R) 47 rice under in vivo condition
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TABLE 1. Germination, survival reduction percentage and seedling parameters following gamma mutagenesis under in
vitro condition in ADT (R) 47 rice

Survival %

Root Total seedling

Treatment ggngéns; on (reduction) in ahrg?(tslf?gth length length (cm) X}%OU" Index
14 DAT (SR) (cm) (RL) (TSL)
Control 93.0a 91.0a 14.1a 14.5a 28.6a 2660.1a
150 Gy 64.5b 60.0b 11.4b 12.9b 24.3b 1570.92b
200 Gy 57.0c 51.5¢ 10.7c 12.4bc 23.1c 1316.9b
250 Gy 48.5d 43.5d 8.9d 12.1bc 21.1d 1023.8a
300 Gy 37.5e 31.0e 7.8e 11.7¢c 19.5e 733.5ab
350 Gy 26.5f 21.5f 7.3e 10.2d 17.6f 466.6b
Mean 545 49.7 10.0 12.3 22.3 1295.3
SE(d) 2.7 2.0 0.2 0.3 0.3 473.2
CV % 4.9 4.1 2.2 2.9 13 36.5

The values are mean of two replicates under in vitro condition.

For gamma rays under, in in vitro condition, seedling
mortality per cent showed variation over the treated
population at each dose (Table 1) which was 78.5 per cent
at 350Gy, 69.0 per cent at 300Gy, 56.5 per cent at 250Gy,
48,5 per cent at 200Gy and 40.0 per cent at 150Gy.
Similar trend in variation was observed under in vivo
condition, with a mortality percent of 68.7 at 350Gy, 64.5
at 300Gy, 54.3 at 250Gy, 46.5 at 200Gy and 41.0 at
150Gy (Table 2). Under in vitro and in vivo condition, the
percent reduction in germination over control/parent and
doses of gamma rays followed a linear trend. The
maximum values of percent reduction in germination were
recorded at 350Gy dose. Such a dose dependent decrease
in germination was also reported by Talebi et al. (2012);
Tabasum et al. (2011). The reduction in germination was
reflected on the survival % of seedlings on 14™ day which
also exhibited the same trend. The maximum vaues of
percent reduction in survival over parent were at 350Gy
dose. Reduced growth of seedlings after mutagenic
treatments has been explained on the basis of auxin

destruction, changes in ascorbic acid content and
physiological injury and biochemical disturbances (Y usuf
and Nair, 1974).

The observation on shoot length, root length, total seedling
length and vigour index on gamma ray induced mutants
showed a significant effect on all the traits as compared to
the control (Table 1). The maximum shoot length
(11.4cm), root length (12.9cm) and total seedling length
(24.3cm) was observed at minimum dose of 150Gy. The
next higher values for these parameters were observed at
200Gy. The least values were noticed at 350Gy. Dehpour
et al. (2011) observed that the maximum decrease in shoot
length was observed when rice genotypes were exposed by
gamma ray dose higher than 200 Gy. Higher reduction of
root length was observed at higher dose of gamma rays of
350 Gy. These results are in agreement with Ashraf et al.
(2003); Tabasum et al. (2011); Kadhimi et al. (2016).
Vigour index also followed the same pattern exhibiting the
maximum value (1570.9) at 150Gy and the minimum
value (466.6) at 350Gy (Fig. 2).
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FIGURE 2: Effect of gammairradiation dose on germination % and seedling parameters ADT (R) 47 rice under in vitro
condition

The percent reduction in germination over control increased
with the dose of the mutagen and it ranged from 36.0
(150Gy) to 62.2 (350Gy). The reduction in survival % of the
seedlings at 14 days after treatment also exhibited the same
trend (Table 2) and it ranged from 37.7 (150Gy) to 66.9
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(350Gy). A comparison of both the parameters at different
doses revealed that the survival reduction per cent was
more pronounced at higher doses of 300Gy (62.5) and
350Gy (66.9). Under both conditions, gamma rays
imparted a significant effect on shoot length, root length,



Lethal dose and effect of gamma ray on ADT (R) 47 rice

total seedling length and vigour index in the present
investigation. The highest dose of 350Gy caused severe
reduction in all the parameters, while the lowest dose
(150Gy) showed the highest expression for these
characters. The greater sensitivity at higher doses of
mutagens has been attributed to various factors such as
changes in metabolic activity of cells and disturbances of

balance between promoters and inhibitors of growth
regulators (Meherchandani, 1975). In Radha 4 rice variety,
Basi et al. (2006) reported that 35kR dose of gamma rays
was the most potent dose inducing cytogenetic aberrations
in meiotic pollen mother cell of rice compared to other
dose spectrum.

TABLE 2. Reduction in germination and survival over control percentage after gammairradiation of ADT (R) 47 rice
under in vivo condition

- . Survival .
B et B S ects
(14 DAT)

Control 95.3 0 94.7 0

150 Gy 61.0 36.0 59.0 37.7

200 Gy 55.7 41.6 535 435

250 Gy 48.3 49.3 457 518

300 Gy 415 56.5 355 62.5

350 Gy 36.0 62.2 31.3 66.9

CONCLUSION

The present study revealed that the letha dose for ADT
(R) 47 rice to be 229 Gy dose of gamma ray under
laboratory conditions through assessment of traits such as
seed germination, survival rate of seedlings, shoot length,
root length and vigour index in M generation. Under field
conditions, based on germination %, survival of seedlings,
the dose was fixed at 235 Gy through probit analysis. LDso
values may be utilized for launching a successful mutation
breeding program and this indicates the potential of
gamma irradiation in rice which could be of immense
significance for the assessment of irradiation treatment for
efficiently obtaining desirable mutants without disturbing
the major part of the genotypic or phenotypic architecture
of the crop plants.
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